Dear Editors,
In a recent study of children with autism or ADHD, it was reported that 4 out of 15 ADHD patients had serum autoantibodies targeting glutamate decarboxylase 65 (GAD65) [1] , one of two enzymes that convert glutamate to the inhibitory neurotransmitter GABA (for a review on GAD65 antibodies see [2] ). Moreover, serum from eight of the ADHD children reacted with GABAergic Purkinje cells in sections of mouse cerebellum and three reacted with cells of the molecular and granular cell layers of the cerebellum. This was in contrast to the control sera of which none reacted.
As the patient sample group of Rout et al. [1] was small, we wanted to replicate their findings on the GAD65 antibody prevalence in a larger sample. We also examined for autoantibodies against three related neurotransmitter biosynthetic enzymes which also have been implicated in ADHD and other neuropsychiatric disorders: aromatic-Lamino-acid decarboxylase (DOPA decarboxylase; AADC) [3, 4] , tryptophan hydroxylase 1 (TPH1) [3, 5] , and tyrosine hydroxylase (TH) [3, 6] . An autoimmune subtype of ADHD could explain why some patients have associated neurological symptoms and the striking differences in rates of disease progression and could lead to the development of new therapeutic strategies.
The patient recruitment protocol has been described previously [7] . From a collection of 350 ADHD serum samples, we randomly picked samples from 79 ADHD patients for antibody assays. Serum samples from 10 anonymous healthy blood donors were pooled and used as negative control and high antibody titre sera from four patients with autoimmune polyendocrine syndrome type 1 (APS-1) [8] [9] [10] [11] [12] were used as positive controls, one APS-1 patient for each antigen. The medical histories of the ADHD patients were obtained by auto-questionnaires and telephone interviews. Project approval was granted by the Regional Committee for Medical Research Ethics of Western Norway (IRB 00001872). An informed consent form was obtained from all ADHD and APS-1 patients.
In vitro transcription and translation of 35 S-radiolabeled GAD65, AADC, TPH1 and TH was performed with the TNT T3 coupled reticulocyte lysate system (Promega Corporation, Madison, WI, USA). For experimental details, see [12] . All assays for each antibody contained identical positive and negative control sera which were used to normalise between assays if a prominent phase shift was detected.
As shown in Fig. 1, 1 out of 79 ADHD patients had clearly detectable GAD65 antibodies, with an antibody reactivity of approximately 66 % of the positive control serum from an APS-1 patient. This female patient in her 40s reported to have had ADHD symptoms from an early age, but was formally diagnosed with ADHD as an adult. She did not have epilepsy, diabetes mellitus or known autoimmune disorders.
The ADHD patient with antibodies against AADC, with a reactivity of about 28 % of the positive APS-1 control, is a young male. He was diagnosed with ADHD as a child and also suffers from epilepsy.
None of the 79 ADHD patients had detectable TPH1 autoantibodies.
The patient with the highest antibody reactivity against TH, at approximately 40 % of the positive control serum, is a female patient in her mid 20s who was diagnosed with ADHD as an adult. She did not suffer from epilepsy, diabetes mellitus or any other known autoimmune disorders. In summary we were not able to replicate the findings of Rout et al. [1] on the prevalence of GAD65 autoantibodies in ADHD, as we detected only one GAD65 antibody positive patient in our sample of 79 clinically diagnosed ADHD patients. This frequency is in line with previous studies of GAD65 antibodies in the presumed healthy population [13] . Therefore, we find it unlikely that GAD65 antibodies are frequently observed or involved in the pathophysiology of ADHD. As we have used an established, validated assay protocol that has been used in routine diagnostic and research settings for many years [14] , we expect that autoantibody positive sera would have been detected in our experiments.
A limitation of our findings is that the patients investigated have a different age (mean 26 vs. 9 years) and sex (48 % female vs. 20 % female) composition than the patients of Rout et al. [1] . It is thought that the levels of GAD65 antibodies in the healthy population reach a top during childhood and subsequently falls as the individual ages [13] . In addition there are known sex differences in the prevalence of several of the autoimmune disorders [15] . Although, theoretically, the prevalence of GAD65 autoantibodies could be completely different in child and adult ADHD patients, this is not consistent with findings in other autoimmune disorders [16] .
As the exact prevalence of AADC, TPH1 and TH autoantibodies in the general Norwegian population is not known, we cannot conclude whether the antibody frequencies in ADHD are different from controls. However, the prevalence of AADC, TPH1 and TH antibody positive ADHD patients in our material was low. In addition, the levels of antibodies in the positive ADHD patients were low compared to the positive controls with known autoimmune disease. Consequently we do not believe that AADC, TPH1 and TH autoantibodies are causally linked to ADHD, but as with GAD65, we cannot exclude the possibility of autoimmunity being involved in the aetiology in a minor subgroup of the patients.
Rout et al. [1] sought to confirm the presence of human antibodies against GAD65 and other potential ADHD-related antigens with immunofluorescence staining of mouse cerebellum sections with ADHD patient sera. Although the staining patterns may be due to disease specific autoantibodies, this method has several potential pitfalls. At serum dilutions at 1:500, naturally occurring human antibodies might be capable of staining cells from foreign species. Consequently, the results of Rout et al. [1] could be due to a preformed antibody reaction, for example targeting the carbohydrate residue aGal, synthesised by N-acetyllactosaminide alpha-1,3-galactosyltransferase (Ggta1) [17, 18] .
